participants age 6 years and older. These measurements are representative of the general U.S. population. UI was also measured in a convenience sample of 501 pregnant women enrolled in the NCS initial Vanguard Study from seven study sites across the United States. 
Introduction
A dequate dietary iodine intake is essential to the synthesis of thyroid hormone, which is key for normal growth, development, and metabolism throughout life. Recent data show that 1.88 billion people globally, including 241 million school children, have insufficient dietary iodine intake (1) . Iodine deficiency disorders include a range of health consequences or abnormalities of the body resulting from a prolonged lack or insufficient intake of iodine, ranging from simple goiter to cretinism, which is a condition of severely stunted physical and mental growth (1, 2) . Adequate iodine intake during pregnancy and lactation is especially critical to normal brain development in the fetus (3) . While diet-induced hypothyroidism can occur at any stage of life, the most devastating consequences of iodine deficiency occur during fetal development and early childhood, and include miscarriage, stillbirth, congenital abnormalities, and severe and irreversible mental retardation. Iodine deficiency is the leading and most preventable cause of mental retardation in the world (4) . The consequence of severe iodine deficiency is a 10%-15% reduction in IQ for a population (4) .
Strategies to combat the prevalence of iodine deficiency disorders focus on ensuring adequate dietary intake. Dairy, grain, seafood, and to a lesser degree, iodized salt are the major sources of iodine in the United States (5) . However, there is a wide variation in iodine content in foods and iodine content is rarely included in nutritional labeling (5) . In the United States approximately 60% of iodine consumed comes from dairy products. The iodine is added to dairy products as a consequence of iodine added to cattle feed (6) , or use of iodophor disinfectants in the milking process (7, 8) . Iodized salt accounts for a small amount of dietary iodine. Approximately 70% of salt consumed in the United States comes from processed and restaurant foods which generally do not use iodized salt (9) .
The Institute of Medicine has set the recommended dietary allowance (RDA) for iodine in adult men and women at 150 lg per day (10) . One teaspoon of iodized table salt contains approximately 400 lg of iodine. To support fetal and infant thyroid function, the Institute of Medicine suggests an RDA for pregnant women of 220 lg iodine per day and 290 lg iodine per day during breastfeeding (10) . To prevent iodine deficiency, the American Thyroid Association recommends supplementation containing 150 lg of iodine daily for U.S. women of childbearing age during the preconception phase, as well as during pregnancy and lactation (11) . In addition, adequate iodine intake before conception (RDA of 150 lg per day) is important to ensure adequate maternal iodine stores to support the fetus. Preconception iodine status of the mother influences the degree of successful maturation of the fetal central nervous system and subsequent neurodevelopment of the child (12) .
There are no analytical techniques available to directly measure an individual's daily iodine status. Urinary iodine (UI) reflects iodine intake within the past few days. As a clinical biomarker, UI generally is not useful to classify intake sufficiency or deficiency in a person, but rather to define the risk of a population. UI measurement in 24-hour urine collection is preferred, but iodine excretion can be expressed per gram of creatinine in spot urine collections in population groups with very low inter-and intra-individual variation in urinary creatinine (13) . The World Health Organization (WHO) defines nutritional iodine sufficiency for a population by UI concentrations as follows: excessive iodine intake, > 300 lg/L; more than adequate intake, 200-299 lg/L; adequate intake, 100-199 lg/L; mild iodine deficiency, 50-99 lg/ L; moderate iodine deficiency, 20-49 lg/L; and severe iodine deficiency <20 lg/L. The WHO recently defined adequate iodine intake for pregnant women as an iodine excretion of 150-249 lg/L and inadequate iodine intake as represented by iodine excretion <150 lg/L (13).
Given the significant numbers at risk for iodine insufficiency among select population subgroups in the United States, population-wide monitoring to document UI levels is a necessary public health activity. Recent U.S. population data from the National Health and Nutrition Examination Survey (NHANES) have shown that women and some subpopulations of non-Hispanic blacks tend to have UI concentrations indicating mild iodine deficiency (14) . The National Children's Study (NCS) initial Vanguard Study was launched during the same time frame as the 2009-2010 NHANES. The NCS Vanguard Study was intended to provide operational data to inform decisions regarding processes and measures for inclusion in the Main Study. The Centers for Disease Control and Prevention (CDC) used samples collected during the Vanguard Study to conduct a pilot study. The purpose of the CDC pilot study was to measure a number of environmental chemicals and nutritional biomarkers in the NCS convenience sample of pregnant women from seven study locations throughout the United States. As part of the CDC pilot study, UI was measured in Vanguard Study participants who were in their third trimester of pregnancy. These data help provide a more complete picture of UI status of U.S. pregnant women and enhance the data provided by the NHANES. Our paper will focus on iodine status in the U.S. population as measured by the most recent NHANES 2009-2010 cycle and pregnant women from NHANES 2005-2010 as well as the UI levels for pregnant women who participated in the NCS Vanguard pilot study.
UI has been measured in NHANES since 1971. In recent years, UI has shown a decrease. In all instances in which the data are stratified by race/ethnicity, the non-Hispanic black population has had the lowest UI relative to other racial/ ethnic groups. Despite oversampling of pregnant women in NHANES 2001-2006, the number of pregnant women participating in the survey was still quite small. The CDC collaboration with the NCS provided an opportunity to measure UI in a large number of third trimester pregnant women as part of a pilot study to evaluate the clinical biospecimen collection protocols used in the 2009-2010 Vanguard Study. The Division of Laboratory Sciences, National Center for Environmental Health measured UI concentrations and other environmental and nutritional analytes in samples collected from participants enrolled at any of the seven original Vanguard study sites. In this study, results of UI measured in the NCS sample of pregnant women provides additional data on a group at risk for inadequate iodine intake and will be compared with results from a representative sample of U.S. pregnant women from NHANES. Figure 1 illustrates the combinations of data across several cycles that were used for the projects and a justification for use of different cycles is given.
Data and Methods
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Data on the sociodemographic variables sex, age, race/ ethnicity, and pregnancy status were collected. Age was categorized using the following groups: 6-11, 12-19, 20-29, 30-39, 40-49, 50-59, 60-69, and 70 years and older. Race/ ethnicity categories were self-reported as non-Hispanic white, non-Hispanic black, and Hispanic, which includes Mexican American and other Hispanic. Childbearing age was defined as between 15 and 44 years old. Pregnancy status was determined by a urine pregnancy test. Dairy consumption in the past 30 days was categorized as ''never or rare,'' ''not often,'' or ''often.'' Never or rare consumption meant any dairy product consumed less than once a week in the past 30 days; not often denoted some dairy product consumed more than once a week but less than once a day; and often meant dairy product was consumed more than once a day. Salt consumption was determined by response to the question ''How often is ordinary salt or seasoned salt added in cooking or preparing foods in your household? Is it never or rarely, occasionally or very often?'' Fish or shellfish consumption during the past 30 days was also included for NHANES [2007] [2008] . Fish included breaded fish, tuna, bass, catfish, flatfish, haddock, mackerel, perch, pike, pollock, porgy, salmon, sardines, sea bass, swordfish, trout, and other fish. Shellfish consisted of clams, crabs, crayfish, lobsters, mussels, oyster, scallops, shrimp, and other shellfish. Total grain intake was determined based on intake reported on the first day of the dietary interview. Dietary supplement use during the past 30 days was determined by response to the question, ''Have you used or taken any vitamins, minerals or other dietary supplements in the past month?'' Table 5 Population: General population aged 6 years and older and women of childbearing age. 
NCS design
NCS is a planned large long-term study of children's health and development. It examines the effects of the environment, as broadly defined to include factors such as air, water, diet, sound, family dynamics, community and cultural influences, and genetics on the growth, development, and health of children across the United States, following them from before birth until age 21 years. The goal of the study is to improve the health and well-being of children and contribute to understanding the role of various factors on health and disease. Details of the background and organization of this complex undertaking have been described (15, 16) . Briefly, the NCS structure consists of the Vanguard Study, Main Study, and formative research that supports and informs the Main Study. The Vanguard Study is a parallel extensive feasibility study that will precede the Main Study to evaluate feasibility, acceptability, and cost of recruitment, logistics, operations, and study visits. The original Vanguard Study began in 2009 and included recruitment of pregnant women at seven selected study locations throughout the United States. Women were eligible if they were not surgically sterile and were age 18 through 49 years or currently pregnant. The women had up to two pregnancy visits, which included interviews and collection of biological and environmental samples. Pregnancy visits were scheduled to occur in the first and third trimesters; this study used samples collected from women in their third trimester of pregnancy. Race/ ethnicity categories were self-reported as non-Hispanic white, non-Hispanic black, and all Hispanic, which included Mexican American and other Hispanic. At the time of this submission, such interview survey results as dietary recall, food intake, and supplement use were not available.
Sample collection
During the NHANES physical examinations, spot urine specimens were collected into a prescreened collection cup from participants ages 6 years and older, and aliquots of these specimens were generated and stored cold (2°C to 4°C) or frozen until shipped. The samples were shipped on dry ice to the CDC National Center for Environmental Health (NCEH) and were stored frozen (-70°C) for <1 year. During the NCS third trimester visits, spot urine specimens were collected from participants into a prescreened collection cup, frozen, and shipped to the NCS Repository (Fisher Bioservices, Rockville, MD) on dry ice, thawed, and aliquoted into prescreened metal-free cryovials, according to NCS protocols, then stored frozen at vapor phase liquid nitrogen temperatures until shipment on dry ice to the CDC NCEH laboratory where they were also stored frozen (-70°C) for <1 year.
Iodine measurements
In all NHANES cycles except 2007-2008, UI measurements were obtained for one third of the survey population. For NHANES 2007-2008, UI measurements were obtained for all participants over age 5 years. Samples were analyzed for UI concentration using the method of Caldwell et al. (17, 18) . Briefly, 0.5 mL of urine was diluted 1:10 with 1% (v/v) tetramethylammonium hydroxide, 0.02% Triton TM X-100 (Mallinckrodt Baker, Inc. Phillipsburg, NJ), 25 lg/L tellurium, 5 lg/L bismuth, 5% (v/v) ethanol, 1000 lg/L gold, and 0.5 g/ L EDTA. This solution was subsequently analyzed using inductively coupled plasma dynamic reaction cell mass spectrometry. Iodine was quantified based on the peak as a ratio of analyte to internal standard tellurium. The limit of detection was found to be 1.4 lg/L. The LOD as reported is equal to 3 · S/N, where S/N is the signal to noise derived from the measurement process as the concentration approaches zero. Four concentration levels of quality controls were analyzed in each analytical batch. Reported results met the accuracy and precision specification of the quality control/quality assurance program of the Division of Laboratory Sciences, NCEH, CDC (19) . Two quality control pools were analyzed from 2000 to 2012. One QC pool (n = 869) with a concentration of 93 lg/L had a relative standard deviation (RSD) of 2.3%. The RSDs for the second pool (n = 866) with a concentration of 308 lg/L was 3.0%. Absolute assay accuracy was verified by the blind analysis of two additional iodine reference solutions and the analysis of National Institute of Standard Technology (NIST) 2670A, 2672a, and 3668 Standard Reference Materials.
Stability was excellent with no trend observed for the RSD across time. Creatinine measurements NHANES and NCS urinary creatinine concentrations were determined using the Roche/Hitachi Modular P Chemistry Analyzer (Laboratory Services, LLC, Hartford, CT) in 2009-2010 (19) . This method is described in Roche's Creatinine plus Product Application no. 11775685216V18. Iodine concentrations were adjusted by using creatinine concentrations to correct for variable urine excretion rates at the time of spot urine specimen collection.
Statistical analysis
Statistical analyses were conducted using SAS, version 9.2 (SAS Institute, Inc., Cary, NC), and SUDANN PROC DE-SCRIPT, version 10.0 (Research Triangle Institute, Research Triangle Park, NC). In NHANES, median UI measurements and the median creatinine corrected UI concentrations with CIs were analyzed based on the method of Korn and Graubard (22) . In each NHANES survey period we used sample weights to account for differential nonresponse or no coverage and to adjust for oversampling of some groups. Median test was used to compare the median UI concentrations between or among different target subpopulations in the NHANES analyses (23) . Error proportions associated with certain UI thresholds were estimated and were flagged when the relative standard error was greater than 30%. In NHANES, Rao-Scott F-adjusted chi-square test was used to Figure 2 , a U-shaped curve with higher median UI at lower and higher age categories was observed in NHANES 2009-2010. Lowest UI was observed in ages 12-49 years, highest in children ages 6-11 years. The UI concentrations were consistently lower in women of childbearing age compared with the general population, a relationship that has been observed since 2001 (14) (Fig. 3) . Table 2 Table 3 presents the median UI concentrations for women of childbearing age and pregnant women. Women in their first trimester had a median UI of 109 lg/L (n = 42) while the second trimester women had a median UI of 128 lg/L (n = 70). The median UI for NHANES women in their third trimester was 172 lg/L [CI 109-267] (n = 64), comparable to the NCS third trimester pregnant women (167 lg/L [CI 151-185], n = 501; Table 2 ).
NHANES 2007-2010 U.S. pregnancy data and NCS
Distribution of UI in NCS and NHANES (2007-2010)
Among NHANES pregnant women, approximately 55.8% ( -7.7%) had UI that suggested less than adequate iodine intake (<150 lg/L, Table 2 ). Among NCS women, approximately 45.3% ( -2.3%) had UI that indicated less than adequate iodine intake. The distributions of UI for pregnant women in NHANES 2007-2010 and in NCS are presented in Figures 4A and 4B. Figure 4A shows the median UI of 135 lg/ L and distribution in pregnant women from NHANES 2007-2010. The 5th and 95th percentiles of the UI distribution were 40 and 508 lg/L, respectively (Fig. 4A) . Figure 4C shows the distribution for NHANES 2007-2010 pregnant non-Hispanic black women. The median UI concentration was 119 lg/L with 5th and 95th percentiles of 34 and 347 lg/L, respectively. Figures 4B and 4D show the distribution of UI in NCS women. The median UI for all NCS pregnant women was 167 lg/L, with 5th and 95th percentiles of 43 and 605 lg/L (Fig. 4B) . For non-Hispanic black NCS pregnant women, median UI was considerably lower (132 lg/L) relative to all NCS pregnant women (Fig. 4D) . It is interesting to note that only the NCS population has women with UI concentration greater than *900 lg/L. These apparent outliers represent only few participants who are taking iodine-containing supplements or another significant source of iodine. Table 4 provides details on UI concentration by race/ ethnicity and age from both 2009-2010 NHANES and NCS. Non-Hispanic blacks in each age category and in both study cohorts had lower median UI concentrations than nonHispanic whites and all Hispanics. The trend is consistent for uncorrected and creatinine-corrected data.
Race/ethnicity in 2009-2010 NHANES and NCS
Geographic location (in NCS data only) Table 4 also provides the NCS sample population stratified by geographic locations. The NCS participants consist of pregnant women from seven different geographic locations in the United States. The participating study centers were located in California, North Carolina, Minnesota and South Dakota, New York, Pennsylvania, Utah, and Wisconsin. Table  3 provides NCS median UI concentrations by the geographic region of the study site. All seven sites had different median UI concentrations. All collection sites used collection material that had been prescreened at the CDC. It is unlikely that protocol or material influenced the results. Urine iodine is very stable once collected as discussed in the Data and Methods section. Several study sites had median UI concentrations <150 lg/L. The California median UI was 107 lg/L well below those found in North Carolina, South DakotaMinnesota, and Utah (217, 205, and 190 lg/L, respectively). New York and Wisconsin had median UI concentrations of 150 lg/L and 145 lg/L, respectively, while Pennsylvania had a median UI of 125 lg/L. Median UI concentrations in 
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California, Pennsylvania, and Wisconsin were below the recommended median UI concentration of 150 lg/L for pregnant women.
Dietary questions in NHANES 2007-2008
Dairy products consumption has been shown to be significantly associated with iodine intake (6). Table 5 shows the association between dairy consumption in the past 30 days and race/ethnicity for women of childbearing age in NHANES 2007-2008. The proportion of non-Hispanic black women who never or rarely consumed dairy products in the past 30 days was 39.8%, significantly higher than nonHispanic whites (27.1%) or all Hispanics (31.1%) ( p = 0.004, Rao-Scott F-adjusted chi-square test). The median UI concentrations for non-Hispanic blacks were the lowest in each dairy consumption level compared to other race/ethnicity groups.
The relationship between salt consumption and median UI was also evaluated across race/ethnicity categories (Table 5) . Hispanics reported greater salt use than the other groups, with 17.2% reporting never or rare use during the last 30 days compared to 24.5% for non-Hispanic blacks and 27.1 % for non-Hispanic whites. The proportion of Hispanic women who reported using salt often was 55.6 %, significantly higher than non-Hispanic blacks (45.9%) and non-Hispanic whites (35.9%) ( p < 0.0001, Rao-Scott F-adjusted chi-square test).
Fish or shellfish intake during the last 30 days was not significantly associated with median UI concentrations in racial/ethnic groups with the exception of Hispanics (Table  5) . Hispanic women who reported fish or shellfish intake had significantly higher median UI compared to non-fishconsuming Hispanics ( p = 0.03). There was no significant association between higher median UI and grain intake, or supplement use in each race/ethnicity category during the past 30 days (data not shown). In NHANES 2009-2010, certain groups within the U.S. population did not achieve adequate dietary iodine intake. NonHispanic blacks had a significantly lower UI concentration than non-Hispanic whites and all Hispanic groups. NonHispanic white children had the highest UI levels, in the more than adequate range, while non-Hispanic black and Hispanic children had median UI in the adequate range. In the U.S. population, age groups 12-49 years had the lowest UI, which has been noted before (14) . As in previous NHANES survey periods, women had lower UI concentrations than men (14) . NHANES data (2007-2010) indicated that 37.3% of nonpregnant women of childbearing age (n = 1492) have UI concentrations below 100 lg/L, while 55.8% of pregnant women (n = 76) have UI concentrations less than 150 lg/L. Meanwhile, in the convenience sample of 501 pregnant women from the NCS, 45.3% of the participants had UI concentrations less than 150 lg/L. The observed difference in the proportion of pregnant women with UI<150 lg/L is most likely because the NCS participants were all in their third trimester of pregnancy. While there were only 76 pregnant women in NHANES 2007-2010 with UI measurements, limiting our ability to look at data stratified by trimester of pregnancy due to insufficient power, by combining NHANES 2005-2010 data we were able to increase our sample of pregnant women to 206. We stratified these women into trimester groups. The NHANES third trimester UI concentration 172 lg/L [CI 109-267] is very similar to the UI concentration found in the third trimester women participating in the NCS pilot study (167 lg/L [CI 151-185]).
UI levels found in women in the third trimester in both NHANES and NCS were in the adequate iodine intake range. Women in late pregnancy may be more attuned to maintaining adequate nutrition or may be taking supplements with iodine. Most iodine-containing multivitamins should have at least 150 lg of iodine, but only about half of the multivitamins sold in the United States contain iodine (12) . According to Gregory et al. (12) 
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contained iodine. Prenatal vitamins are not a dependable source of iodine, since only about 51% may contain iodine and of those that do, the measured iodine concentration can vary -50% from the labeled content (12) . In addition to being an inconsistent source of iodine, relying on the use of prenatal vitamins to ensure iodine sufficiency during pregnancy may miss the very early stages of the fetal development. Not surprisingly, when we looked at supplement use (yes or no) in NHANES women of childbearing age, there was no significant correlation between those using supplements and those not using supplements.
There is a need to look beyond pregnancy status to identify what may be influencing UI concentrations in subpopulations. NHANES 2009-2010 indicates that non-Hispanic blacks had lower UI levels compared to non-Hispanic whites and all Hispanics across all age categories. However, the number of pregnant participants in NHANES was insufficient to look at pregnancy status by race/ethnicity. In the NCS pilot study, non-Hispanic black pregnant women ages 20 years and above had lower UI concentrations than both non-Hispanic whites and Hispanics, which was also lower than what WHO suggested for pregnant women. There were only five NCS women less than 20 years, and their median UI was 224 lg/L [CI 106-1701]. There is a wide confidence interval with a very small population.
The NHANES and NCS UI data suggest that non-Hispanic black women have lower UI concentration than other women. Additionally, non-Hispanic black women had lower dairy consumption, based on NHANES 2007-2008 data. Almost 40% of non-Hispanic black women of childbearing age never or only rarely consume dairy products compared with 27.1% of non-Hispanic white women and 31.1% of Hispanics. Moreover, proportionately more Hispanic and non-Hispanic white women of childbearing age reported consuming dairy products daily than do non-Hispanic blacks. Non-Hispanic black women reporting lower rates of dairy consumption is consistent with recent data on U.S. population reports of lactose intolerance (8) . That study found that 76% of adults reporting to be lactose intolerant were female, and among females, 50% were non-Hispanic black, 30% non-Hispanic white, and 20% Hispanic. Self-diagnosed lactose intolerance and consequent avoidance of dairy products may be one of the contributing factors in the racial/ethnic differences we have shown in UI concentration. 
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Neither salt use during food preparation nor grain intake was significantly associated with an increase in median UI for any race/ethnic category of women of childbearing age. However, among women of childbearing age in NHANES who claimed to never or only rarely consume salt, Hispanic women had the highest median UI (154 lg/L) compared with non-Hispanic whites (110 lg/L) or non-Hispanic blacks (117 lg/L). The use of salt, consumption of grain, or fish/ shellfish intake did not significantly affect UI, although there were racial/ethnic differences in reported salt use and fish/ shellfish intakes.
Analysis has shown regional differences in UI among pregnant women in the NCS study. Future work with the NCS may provide the statistical power needed to stratify the participants within each region by race/ethnicity. The present data suggest that race/ethnicity is an important predictor of iodine status. However geographic location may prove to be an equally important predictor. Additionally, within pregnant women in the NCS, we have identified iodine insufficiency among non-Hispanic blacks and among NCS subgroups evaluated geographically. These data enhance ongoing efforts to identify populations at risk for iodine deficiency and may help direct efforts to ensure optimal fetal and postnatal development. NCS will be an important tool to assist in evaluation of U.S. population iodine intake in a vulnerable group. The NCS not only has important data on pregnant women but will collect data that may link the iodine status in pregnant women to birth and child health outcomes.
This study has several strengths. This is the largest known population of pregnant women to be surveyed for UI concentration at one time in the United States. Through NHANES and NCS we have a diverse sample set covering different ethnic groups, ages, geographic regions, and different stages of pregnancy. There are several limitations. These include the temporality of the UI biomarker, limited personal and health information, and unknown selection biases in the NCS convenience sample.
Conclusion
The median UI concentration for the general U.S. population in NHANES 2009-2010 was significantly lower than the levels found during NHANES 2007-2008. These differences likely result from variations in dietary iodine intake for both the general population and for women of childbearing age. Grain, salt, and fish/shellfish had little effect on UI in women of childbearing age except for Hispanic women, in whom median UI was correlated with fish and shellfish intake. A higher proportion of non-Hispanic black women may avoid dairy products due to concerns about lactose intolerance. Children had a higher UI level than adults. Non-Hispanic white and Hispanic children have UI levels in the upper range of adequate or in the more than adequate range. NonHispanic black children have UI concentrations that put them solidly in the adequate range.
NCS data provide a unique look at a large population of pregnant women in the United States. The data indicate that third trimester pregnant non-Hispanic black women age 20 years and older were the only racial/ethnic group with median UI below 150 lg/L. This racial/ethnic UI pattern was consistent with observations in NHANES data for the general population.
Understanding the median UI differences within subpopulations of the United States may help to identify where public health interventions should be focused to ensure adequate iodine nutrition for all, and can allow educational efforts to focus on groups for which evidence indicates inadequate iodine intake. Prevention of unnecessary self-imposed dairy restriction and improved iodine intake may be achieved by medical evaluation and education of individuals who perceive themselves to be lactose intolerant but who are not. Individuals with confirmed lactose intolerance, particularly women who are pregnant or who are of childbearing age, should be counseled about iodine supplementation. Public health intervention may include continued efforts by the medical community and public health officials to promote the use of iodine-containing prenatal vitamins and to promote continued efforts to monitor actual iodine content in prenatal vitamins. The NCS data have provided an opportunity to look across seven geographical locations, noting differences in median values among study sites. Further study is needed to determine if the concentration of iodine in the dairy consumed varies geographically and may be a significant factor in median UI concentrations, along with race/ethnicity.
